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ERASABLE AND PROGRAMMABLE SINGLE 
CHIP CLOCK GENERATOR 

FIELD OF THE INVENTION 

This invention relates to clock generators generally, and 
more particularly to a phase-locked-loop frequency synthe 
sizer having post production con?guration capabilities con 
tained on an EPROM. 

BACKGROUND OF THE INVENTION 

It is well known to construct a clock generator that has a 
?xed frequency which is determined during the silicon wafer 
fabrication of the clock generator. The frequency of the 
clock generator is determined by using a speci?c pattern 
during the manufacturing process involved in the wafer 
production of the clock generator. An important competitive 
advantage can be obtained by providing a clock generator 
that can be con?gured late in the manufacturing process, 
preferably after wafer fabrication. Phase-locked-loop (PLL) 
based clock generators typically use read only memory 
(ROM) tables to store frequency selection and con?guration 
information. This information can be altered by using a 
device speci?c mask during wafer fabrication. A disadvan 
tage with this technique is that once the device has been 
fabricated, the device can no longer be recon?gured. 

Another technique used to obtain late con?guration for 
PLL-based clock generators is accomplished by implement 
ing a number of electrically programmable fuses made of 
aluminum, polysilicon or some other type of material that is 
appropriate for fuse fabrication. These fuses could then be 
programmed after production of the clock generator. The 
fuse technique provides somewhat of a competitive advan 
tage by reducing the number of parts required to be stored 
in inventory at any given time. The late programming of the 
fuses also reduces the time necessary to produce the clock 
generator. However, this technique su?ers from the disad 
vantage of having limited con?guration information that can 
be stored. As a result, the implementation of new frequency 
clock generators would require mask programming during 
fabrication to realize the new frequencies. Some prior art 
devices do implement more than one frequency table on a 
single ROM, but are limited to the speci?c pre-de?ned 
frequencies available in the original ROM mask. 
Furthermore, it is not possible to test the fuses without 
blowing them, which permanently alters the device. 

Another technique which could be used to obtain late 
con?gurations for clock generators is accomplished by using’ 
laser con?gurable parts which can be programmed using a 
polysilicon or aluminum link similar to the fuse technique. 
Also similar to the fuse technique example would be the 
disadvantage of storing only a limited amount of con?gu 
ration information. It does not appear that the prior art has 
proposed a solution to the problem of providing a clock 
generator that is programmable late in the manufacturing 
cycle, can store enough con?guration information to be 
commercially practical and can be manufactured at an 
acceptable cost. 

SUMMARY OF THE INVENTION 

The present invention provides a clock generator archi 
tecture that combines PLL-based clock generator circuitry 
with an on-chip EPROM in a monolithic clock generator 
chip. The clock generator allows for electrical con?guration 
of various information including PLL parameters, input 
thresholds, output drive levels and output frequencies. The 

10 

25 

30 

35 

45 

50 

55 

65 

2 
various parameters can be con?gured after the clock gen 
erator is fabricated. The parameters can be con?gured either 
during wafer sort or after packaging. The clock generator 
can be erased prior to packaging so programming function 
ality can be veri?ed. All of these features are accomplished 
without the use of programming fuses. 

Objects, features and advantages of the present invention 
are to provide a clock generator that uses an on-chip 
EPROM in a monolithic clock generator chip, can be 
adapted to various PLL-based clock generators, can be 
electrically con?gured, can be erased prior to packaging, 
reduces cycle time from customer requests to prototypes, 
and can be ?eld programmed if desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the 
present invention will be apparent from the following 
detailed description, the appended claims and the accompa 
nying drawings in which: 

FIG. 1 is a block diagram representing the overall archi 
tecture of the clock generator in accordance with a presently 
preferred embodiment of the invention; 

FIG. 2 is a block diagram of the clock generator incor 
porating the architecture described in FIG. 1; and 

FIGS. 3A and 3B are a diagram illustrating a single-poly 
EPROM cell in comparison to a conventional EPROM cell. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a block diagram of the frequency 
generator 10 is shown in accordance with a presently 
preferred embodiment of the invention. The frequency gen 
erator 10 generally comprises a frequency generation block 
12, an output block 14, a frequency control block 16 and a 
con?guration control block 18. The frequency generator 10 
receives a ?rst input 20 from an external power source (not 
shown) and receives a second input 22 from a ground. The 
frequency genm'ation block 12 receives a ?rst input 20 and 
a second input 22 from an external crystal (not shown). The 
external crystal produces a ?xed frequency signal at the ?rst 
and second inputs 20 and 22. A reference crystal oscillator 
28 has a ?rst input 24 and a second input 26 that receive the 
signal from the ?rst and second inputs 20 and 22. The 
frequency generation block 12 generally comprises a refer 
ence crystal oscillator 28, a quotient counter 30, a product 
counter 32 and a phase-locked-loop (PLL) 34. The reference 
crystal oscillator 28 provides a reference signal Fref that is 
received by the quotient counter 30 through an input line 31. 
The quotient counter 30 also receives an input from a bus 
line 36. The bus line 36 receives information from the 
frequency control block 16. The quotient counter 30 pro 
vides an output that is presented to the PLL 34 through 
output line 38. The product counter 32 receives an input 
Fvco that is received from the PLL 34. The product counter 
32 also receives an input from a bus line 40 that is coupled 
to the frequency control block 16. The product counter 32 
provides an output 42 that is coupled to the PLL 34. The 
quotient counter 30 and the product counter 32 use signals 
received through the bus line 40 from the frequency control 
block 16 to provide predetermined frequencies at outputs 38 
and 42 that are presented to the PLL 34. This allows the 
output of the PLL 34 to respond to the signals presented on 
the bus line 40. The ?exible nature of the quotient counter 
30 and the product counter 32 provide programmable out 
puts 38 and 42 to the PLL 34. The reference signal Fref and 
the input Fvco are waveforms of a particular frequency. 
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Conversely, the bus line 36 and the bus line 40 present 
distinct logic signals. 
The phase-locked-loop 34 comprises a phase detector 44, 

a charge pump 46, a loop ?lter 48 and a voltage controlled 
oscillator 50. The phase detector 44 has an input R that 
receives a signal from output 38 of the quotient counter 30. 
Similarly, the phase detector 44 has an input V that receives 
a signal from the output 42 of the product counter 32. The 
phase detector 44 has a ?rst output Up and a second output 
Dn. The charge pump 46 has a ?rst input Up that receives the 
output Up from the phase detector 44. The charge pump has 
a second input Dn that receives an input from the Dn output 
of the phase detector 44. The charge pump 44 also has an 
input 52 that receives frequency con?guration information 
from the frequency control block 16 through the bus line 40. 
The charge pump 46 sends an output signal on output line 54 
that is received by the loop ?lter 48. Additionally, the loop 
?lter 48 receives control information from the frequency 
control block 16 through the bus line 40. The loop ?lter 48 
provides a signal on output line 56 that is received by the 
voltage controlled oscillator 50. The voltage controlled 
oscillator 50 provides a signal on line 58 that is received by 
the output block 14 and is also used in a feedback path 59 
to provide the input Fvco to the product counter 32. The 
voltage controlled oscillator 50 also receives control infor 
mation from the frequency control bus 40. 
The phase detector 44, the charge pump 46, the loop ?lter 

48 and the voltage controlled oscillator 50 are internal 
components of the PLL 34 and are used to control the 
frequency of the output 58. 
The output block 14 generally comprises an output mul 

tiplexer 60, an output divider 62 and a buffer 64. The output 
multiplexer 60 receives a ?rst input signal 66 from the 
reference crystal oscillator 28 and a second input signal 68 
from the output divider 62. The output multiplexer 60 also 
receives a control input 70 from a bus line 72 that is 
connected to the con?guration block 18. The output divider 
62 receives an input 74 from the PLL 34 that represents the 
voltage controlled oscillator frequency Fvco. The output 
divider 62 also receives an input 76 ?'om the bus line 72. The 
buffer 64 receives an input 78 from the output multiplexer 60 
and also receives a control input 80 from the bus line 72. The 
buffer 64 has an output Fout that represents a ?xed ?'e 
quency output of the frequency generator 10. 
The function of the output block 14 is to receive the 

voltage controlled oscillator frequency Fvco ?'om the PLL 
34 and to manipulate the frequency Fvco in response to 
con?guration information received from the con?guration 
block 18. The PLL 34 can manipulate the voltage controlled 
oscillator frequency Fvco to a certain extent by dividing the 
frequency Fvco by certain predetermined constants. The 
output block 14 provides additional control information 
which, once con?gured, never changes. For example, the 
output divider 62 can be set to divide the voltage controlled 
oscillator frequency Fvco by one of a predetermined set of 
constants. However, once this set of constants is established, 
it rarely changes. The output multiplexer 60 chooses 
between an input from the reference crystal oscillator 28 or 
the output divider 62 and presents an output signal to the 
bu?ier 64. It should be appreciated that the information 
stored in the con?grration block 18 could be combined with 
the information stored in the frequency control block 16. 
The frequency control block 16 generally comprises a ?rst 

buffer 82, a second bu?’er 84 and a frequency EPROM table 
86. The ?rst buffer 82 receives a ?rst frequency select signal 
88 from an external source. The second buffer 84 receives a 
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second frequency select signal 90 from the same external 
source. Although FIG. 1 shows only two external frequency 
select signals 88 and 90, more than two frequency select 
signals can be used if greater ?exability is desired for a 
particular design application. The number of frequency 
select signals 88 and 90 directly re?ects the number of 
output frequencies available. Speci?cally, the number of 
output frequencies equals two to the I power, where I equals 
the number of frequencies select signals. In the case of two 
signals, two to the second power would equal four output 
frequencies available. 
The con?guration block 18 is comprised of an EPROM 

that controls various system con?guration parameters that 
do not normally change once they are programmed. Such 
parameters include output multiplexer control, output 
divider control, output drive control and input threshold 
calibration. The con?guration block 18 is separated from the 
frequency control block 16 in an elfort to save and optimize 
chip real estate. The con?guration block 18 does not have 
any external inputs to vary the con?guration once it is 
con?gured Since these parameters are normally not altered 
after the initial con?guration is established, this limitation is 
of little consequence. However, if a certain design criteria 
required the con?guration block 18 to be externally 
controllable, external inputs could be provided at the 
expense of cost and chip size. Conversely, the ?'equency 
control block 16 contains con?guration parameters that it 
may be desirable to change at the end of the production of 
the clock generator 10. Frequency selection during normal 
operation is provided by external frequency select signals 88 
and 90. The dividing of the con?guration information 
between the frequency control block 16 and the con?gura 
tion block 18 is only necessary to maximize e?iciency and 
to provide a balance between cost and performance. 
The clock generator 10 generally functions by receiving 

the ?rst and second frequency select signals 88 and 90. 
These signals are used by the frequency EPROM table 86 to 
send information to the PLL 34. The PLL 34 sends the 
voltage controlled oscillator frequency Fvco to the output 
block 14. The output block 14 presents the output Fout by 
choosing, through the multiplexer 60, either the frequency 
Fvco or the ?rst input signal 66. 

Referring to FIG. 2, a block diagram of a clock generator 
100 having rmrltiple phase-lock-loops 34 is shown. The 
clock generator 100 generally comprises an input section 
101, a clock section 102, an output section 104, an output 
multiplexer and divider block 106 and an EPROM section 
108. The input section 101 generally comprises various 
reference signals necessary to implement the clock generator 
10. A pin 110 represents an input signal Xtal In, which is a 
32 Khz reference signal. Similarly, a pin 112 represents an 
output signal Xtal Out, which is also a 32 Khz output signal. 
When a 32 Khz crystal is placed across the pin 110 and the 
pin 112, a 32 Khz signal is produced by block 140 from the 
resulting oscillator. A pin 114 represents an input signal Xtal 
In. A pin 116 represents an input signal Xtal Out. A pin 118 
represents a battery signal Vbatt which powers a 32 Khz 
crystal osciallator. A pin 120 represents a power in signal 
Vdd (I/O) which powers the output pads. A pin 122 repre 
sents a signal Avdd which powers the chip core. A pin 124 
represents a ground signal Gnd. A pin 126 represents a ?rst 
input select signal S2. A pin 128 represents a second input 
select S1. Apin 130 represents a third input select signal S0. 
A pin 132 represents a signal Outdis which is used to enable 
and disable the clock generator 100 output signals. The input 
select signals S0, S1 and S2 are externally generated input 
signals that select a frequency at which the clock generator 
100 will operate. 
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The clock section 102 generally comprises a 32 Khz 
crystal oscillator 140, a reference crystal oscillator 142, a 
system clock PLL 144, a utility PLL 146 and a CPU PLL 
148. The reference crystal oscillator 142 provides a general 
circuit timing for the entire clock generator 100. The crystal 
oscillator 140 receives an input from the block 110 and 
presents an output 150 to the output section 104. The 
reference crystal oscillator 142 presents the reference signal 
to the output section 104 through an output line 152. The 
system clock PLL 144 receives an input from the reference 
crystal oscillator 142 through the output line 152. The 
system clock PLL 144 also receives signals from the con 
?guration bus 198 through a signal bus 155. The system 
clock PLL 144 has an output 154 that is presented to the 
output multiplexer and divider block 106. The utility PLL 
146 receives an input from the reference crystal oscillator 
142 through the output line 152. The utility PLL 146 also 
receives a set of signals from the con?guration EPROM bus 
198 through a signal bus 157. The utility PLL 146 presents 
an output 156 to the output multiplexer and divider block 
106. The CPU PLL 148 receives an input from the output 
152 of the reference crystal oscillator 142. The CPU PLL 
148 presents an output 158 to the output multiplexer and 
driver block 106. The CPU PLL 148 also receives con?gu 
ration information from the EPROM section 108 on a bus 
line 159 and a bus line 161. 
The output section 104 generally comprises a 32 Khz 

butfer output 160, a reference buffer output 162, a system 
clock output 164, a CPU clock output 166, a clockA output 
signal 168, a clock B output signal 170, a clock C output 
signal 172 and a clock D output signal 174. The 32 Khz 
buffer 160 receives an input through the output line 150 from 
the 32 Khz crystal oscillator 140. The reference butfer 162 
receives an input from the refm'ence crystal oscillator 142 
through the output line 152. The system clock output 164 
receives a signal from the bus line 159. The system clock 
output 164 divides the output 154 from the system clock 
PLL 144 by a ?xed predetermined value. The CPU clock 
output 166 also receives an input signal 158 from the bus 
line 159. The clockA signal 168 receives an input from an 
output 176 of the multiplexer and divider block 106. 
Similarly, the clock B signal 170 receives an input from an 
output 178 of the multiplexer and divider block 106. The 
clock C signal 172 receives an input from an output 180 
from the output multiplexer and divider block 106. The 
clock D signal 174 receives an input from an output 182 of 
the multiplexa' and divider block 106. The multiplexer and 
divider block 106 allows the clock A signal 168, the clock 
B signal 170, the clock C signal 172 and the clock D signal 
174 to each be generated from either the system clock PLL 
144, the utility PLL 146 or the CPU PLL 148. Prior to 
producing the output signals 168-174, the multiplexer and 
divider block 106 provides a 2 to the N divider function on 
each of the signals 168-74 where N is a variable controlled 
by the EPROM section 108. 
Each of the output signals 162-174 has a switch 184 

connected in series with the respective inputs. The switch 
184 is controlled by a signal 133 which is controlled by the 
outdis pin 132. This allows all outputs of the chip to be 
disabled for system test purposes. 
The EPROM section 108 generally comprises a frequency 

EPROM 190 and con?guration EPROM 192. The frequency 
EPROM 190 is similar to the frequency EPROM 86 of FIG. 
1. The con?guration EPROM 192 is similar to the con?gu 
ration control block 18 of FIG. 1. The frequency EPROM 
190 receives an input 194 from the bus 185. These signals 
are used for frequency selection during normal operation 
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6 
and for programming control during EPROM programming. 
The con?guration EPROM 192 receives an input 196 from 
the bus 185 and has an output bus 198. Con?guration 
information for the system clock PLL 144, utility PLL 146 
and a portion of the CPU PLL 148 are distributed on the 
con?guration signal bus 198. The EPROM section 108 uses 
the terminology “EPROM” to generally describe any non 
volatile technology. The present invention applies to all 
non-volatile ?oating gate technologies, speci?cally 
EEPROM and Flash memory. RAM storage where the 
contents of the RAM are maintained for an extended period 
(more than 1 year) by an external battery source would also 
be within the scope contemplated by the present invention as 
well as any method of memory that is erasable and electri 
cally prograrmnable. 
The clock generator 100 shown in FIG. 2 generally 

functions by receiving the select signals 126, 128 and 130 to 
provide information to the EPROM section 108. The 
EPROM section 108 then initializes the clock section 102 to 
produce various speci?c frequencies from the PLLs 144,146 
and 148. The output section manipulates these frequencies to 
present multiple outputs ?'om block 104. 

Referring to FIG. 3A, a conventional EPROM cell 200 is 
shown as compared to a single-poly EPROM cell 202. The 
conventional EPROM cell 200 generally comprises a source 
204, a drain 206, a ?oating gate 208 and a select gate 210. 
The ?oating gate 208 is positioned between the source and 
drain 204 and 206 and the select gate 208. 

Referring to FIG. 3B, a single-poly EPROM cell 202 
generally comprises a source 220, a drain 222, a ?oating gate 
224, a tap/diffusion capacitor 226 and an N-Well select line 
228. The tap/diffusion capacitor 226 couples with the ?oat 
ing gate 224. ‘The single-poly EPROM cell 202 is also 
known as a planar EPROM. The single-poly EPROM cell 
202 is less expensive to manufacture than the conventional 
EPROM cell 200 because far fewer manufacturing steps are 
involved due to the elimination of one layer of polysilicon. 
The disadvantage of the single-poly EPROM cell 202 is that 
it requires more silicon area to implement. 
The implementation of the clock generator 10 requires 

only a few hundred bits of storage capacity, so the small 
additional cost caused by the area penalty imposed by the 
use of a single-poly EPROM cell 200 is preferable‘ to the 
cost of the manufacturing steps required to implement a 
conventional stacked gate EPROM. The single-poly 
EPROM cell 202 requires high voltage circuits to be pro 
grammed. The single-poly EPROM is also slower than a 
stacked gate EPROM. However, this is not an important 
design criteria for the implementation of the clock generator 
10. The single-poly EPROM cell 202 allows a reduced 
manufacturing process complexity, as well as areduced cost 
which are both necessities in the highly competitive clock 
generator market. Therefore, the advantages of using a 
single-poly H’ROM cell 202 outweigh the sacri?ce in speed 
and chip space. 

Another advantage of the clock generator 10 is the ability 
to implement ?eld programming. This allows customers or 
distributors to stock inventory of clock generators 10 in an 
unprogrammed state. The unprogrammed clock generators 
10 can then be con?gured by the end user as desired for a 
particular design. This reduces inventory costs for the end 
user as well as allows the end user to quickly con?gure 
prototype devices to meet their particular design criteria. 

It is to be understood that modi?cations to the invention 
might occur to one with skill in the ?eld of the invention 
within the scope of the appended claims. 
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We claim: 
1. A circuit for generating a clock frequency comprising: 
a con?guration table having a set of outputs for storing a 

set of con?guration information to determine said clock 
frequency; 

an erasable and programmable non-volatile memory for 
storing said con?guration table; and 

a clock generator having a set of inputs coupled to said set 
of outputs of said con?guration table, said clock gen 
erator for generating said clock frequency, 

wherein said con?guration table, said non-volatile 
memory and said clock generator are provided on a 
single chip. 

2. The circuit according to claim 1 wherein said clock 
generator is comprised of a phase-locked-loop. 

3. The circuit according to claim 1 wherein said con?gu 
ration table is comprised of a frequency table for storing a 
set of frequency based con?guration information for deter 
mining the frequency at which the clock output will oscillate 
and a general table for storing information that controls 
general information for the circuit. 

4. The circuit according to claim 1 wherein said program 
mable non-volatile memory is comprised of an EPROM. 

5. The circuit according to claim 1 wherein said program 
mable non-volatile memory is comprised of a single-poly 
EPROM. 

6. The circuit according to claim 1 wherein said program 
mable non-volatile memory is prograrmnable after said 
circuit is packaged. 

7. The circuit according to claim 1 wherein said non 
volatile memory can be programmed during a wafer sort 
step of the production process. 

8. The circuit according to claim 1 wherein said non 
volatile memory can be programmed in the ?eld by the end 
user of the circuit. 

9. A single chip circuit for generating a set of clock 
?'equencies comprising: 

a con?guration table having a set of outputs for storing a 
set of con?guration information to determine the fre 
quencies at which a set of clock outputs oscillate; 

an erasable and programmable non-volatile memory for 
storing said con?guration table; 

an internal or external reference frequency source that 
generates a reference output; 

a ?rst clock generator having a set of inputs coupled to 
said set of outputs of said con?guration table and a 
reference input coupled to said reference output, said 
clock generator for generating one of said set of clock 
outputs at one of said frequencies determined by said 
con?guration table; 
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a plurality of ?xed frequency clock generators each 

having a set of inputs coupled to said con?guration 
table and a reference input coupled to said reference 
output, each of said plurality of clock generators having 
an output signal that oscillates at a ?xed frequency; and 

a multiplexer having (i) a plurality of inputs connected to 
each of the outputs from said ?rst clock generator and 
said plurality of clock generators and (ii) a bus input 
connected to one of said set of outputs of said con?gu 
ration table, said multiplexer for presenting at least one 
of said clock output signals. 

10. The circuit according to claim 9 wherein said clock 
generator and said plurality of clock generators are each 
comprised of a phase-locked-loop. 

11. The circuit according to claim 9 wherein said con 
?guration table is comprised of a frequency table for storing 
a set of frequency based con?guration information for 
determining the frequency at which the ?xed frequency 
clock will oscillate and a general table for storing informa 
tion that controls general information for the circuit. 

12. The circuit according to claim 9 wherein said multi 
plexer produces said single output signal in response to said 
bus input. 

13. The circuit according to claim 9 wherein said con 
?guration table has a selcd input connected to a plurality of 
external input selects, said select input provides external 
programming for producing a signal on said bus input of said 
multiplexer for determining which of said plurality of inputs 
will be produced at said set of output signals. 

14. The circuit according to claim 11 wherein said general 
table has a select input connected to a plurality of external 
input selects, said select input provides external program 
ming for producing a signal on said bus input of said 
multiplexer for determining which of said plurality of inputs 
will be produced at said set of output signals. 

15. The circuit according to claim 9 wherein said pro 
grammable non-volatile memory is comprised of an 
EPROM. 

16. The circuit according to claim 9 wherein said pro 
grammable non-volatile memory is comprised of a single 
poly EPROM. 

17. The circuit according to claim 9 wherein said pro 
grammable non-volatile memory is prograrmnable after said 
circuit is packaged. ' 

18. The circuit according to claim 9 wherein said non 
volatile memory can be programmed during a wafer sort 
step of the production process. 
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